NBOMes are a group of new psychoactive substances derived from phenethylamines. Recreational abuse is thought to have begun in 2010 and they are commonly associated with the "club drug" scene.
Introduction
The analysis of hair poses significant benefits in forensic toxicology. Not only is it utilized when more conventional matrices such as blood and urine are not available, but it also provides an approximate timeline of drug use (1) . This is particularly useful in cases of child custody, work place drug testing or in drug facilitated sexual assault (DFSA) cases (1) (2) (3) . Each time drugs are administered to the body, they are carried through the blood and are distributed to various tissues and fluids before being eliminated. Drugs are deposited into the hair follicle via the blood and are trapped there permanently, growing out with the hair (2) . This is a simplistic model of how drugs are incorporated into hair and in reality other factors such as incorporation through sweat in humans may play a part. Many factors affect the rate at which drugs will be incorporated into the hair, with hair colour having significant impact (4) .
Drugs can also be present in hair samples due to contamination through smoking or handling of drugs.
In order to remove this external contamination, hair samples must undergo thorough decontamination wash procedures (4) (5) (6) . However, it has been shown that it may not be possible to remove all external contamination from hair. It is also important to ensure that hair is collected from acceptable sites that an adequate volume is collected and that appropriate cut-off values are set. The Society of Hair Testing (SoHT) has recommended procedures, guidelines and cut-off values to help aid with the interpretation of drug concentrations in human hair (7).
Hair analysis is not a new technique having originally been applied to forensic analysis in the 1850's when the presence of arsenic was identified in a body exhumed 11 years after burial (8). Despite this matrix having such a long history, its use is still limited due to the long sample preparation, incubation times and limited compatibility with automation. The low concentrations detected often require highly sensitive instrumentation which not all laboratories have access to such as LC-MS/MS, and interpretation can be difficult due to changes in drug concentrations with time due to cosmetic treatments (9-11). Despite these difficulties, hair analysis in itself is relatively straight forward as no extensive metabolism or excretion occurs after the drug has been deposited. The parent drug is typically deposited at a higher concentration than the metabolite due to its more lipophilic nature. This makes it particularly applicable to New Psychoactive Substances (NPSs) where the metabolites of these substances may not always be known, or commercially available (12,13).
NBOMes are phenethylamine derivatives of the 25C-X series. The first NBOMe was mentioned in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y hydrochloride standards of 25B-NBOMe, 25C-NBOMe, 25I-NBOMe and 25B-NBOMe-D 3 were purchased from Sigma Aldrich (Poole,UK). Dimethylsulfoxide (DMSO) (Sigma Aldrich, MO, USA) was used as the injection vehicle in saline. Syringes and needles were purchased from Fisher Scientific (MA, USA). Needles were replaced after each injection and syringes were changed daily for each drug used. Formic acid was purchased from Sigma Aldrich (MO, USA and Poole, UK). All NBOMe reagents were purchased from Sigma Aldrich (Poole, UK). NaH 2 PO 4 .H 2 O, Na 2 HPO 4 and sodium hydroxide were purchased from BDH (Poole, UK). NH 4 CH 3 CO 2 were purchased from Sigma Aldrich (Poole, UK). All other chemicals were of analytical grade and purchased from VWR (Leicestershire, UK). UCT Cleanscreen CSDAU133 cartridges were used (PA, USA).
Materials and Methods
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Calibrators, quality control and internal standard preparation
Stock solutions of 100,000 ng/mL for each NBOMe solution were prepared by dilution with methanol. Serial dilutions using these solutions were then carried out using methanol to produce three working solutions of 10, 100 and 1,000 ng/mL. A 1,000 ng/mL and 100 ng/mL solution of 25B-NBOMe-D3 was prepared by dilution with methanol. Calibrators and controls were prepared from different lots by different analysts.
Urine calibration standards ranging from 0.1-100 ng/mL (n=7) were extracted in duplicate. Urine quality controls (QCs) were prepared at concentrations 0.18 ng/mL (QC1), 4.20 ng/mL (QC2) and 84.0 ng/mL (QC3).
Hair calibration standards ranging from 0.025-2.5 ng/mg (n=7) were extracted in duplicate. Hair quality controls (QCs) were prepared at concentrations 0.105 ng/mg (low), 1.05 ng/mg (medium) and 
Hair Sample Preparation
Hair calibrators, QCs and samples were washed with deionised water (3 mL) and dichloromethane (3 mL). Each wash was sonicated for 30 minutes at room temperature and any excess solvent was transferred into fresh 7 mL vials using Pasteur pipettes, for later analysis. In between each wash, any remaining solvent was evaporated to dryness using a gentle stream of nitrogen at room temperature.
Hair was then cut into 1-2 mm segments and 40 mg (±1 mg) was weighed and transferred to new 7 mL vials. These were then spiked with 50µl of 25B-NBOMe-D 3 (1,000 ng/mL). Calibrators and QCs were made by adding the relevant solution volume. For instance to produce the 0.025 ng/mg calibrator 10 µL of 100 ng/mL of each NBOMe solution was used to spike 40 mg of hair. This process was repeated for all calibrators. To each vial, 3 mL of pH7.4 phosphate buffer were added before sonicating for 1 hour. Vials were then transferred to the oven where they were left to incubate overnight (12 hours) at 40 o C.
After incubation, the samples were centrifuged at 4000 rpm for 10 minutes. SPE cartridges were conditioned using 2 mL methanol, and 1 mL 0.1 M pH7.4 phosphate buffer. The supernatant from the centrifuged samples was transferred to the conditioned SPE cartridges. SPE cartridges were washed with 3 mL of dH 2 O and 1 mL of 1 M acetic acid before being dried for 10 minutes under vacuum.
Methanol (3 mL) was then added to the cartridges before subsequent drying again under full vacuum for 1 minute. Elution was carried out using a 3 mL dichloromethane/isopropyl alcohol /ammonia solution, before being evaporated to dryness under a slow stream of nitrogen, at room temperature.
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Method Validation
The method was validated according to the Scientific Working Group for Forensic Toxicology (SWGTOX) guidelines and sample analysis was completed following the guidelines produced by the
Society of Hair Testing (SoHT).
Specificity and selectivity were assessed by comparing the chromatograms of urine and hair from 10 different blank sources (donors) with those of the spiked NBOMe standards. Each of the analytes and I.S. were analysed individually to observe any interferences between each analyte peak area and height. Exogenous interferences were assessed by analysing a wide range of compounds commonly The LOD and LLOQ were determined by assessing the peak area response of standards of decreasing concentration. For LOD a signal to noise ratio >3 was required and for LLOQ a signal to noise ratio >10 was required. LLOQs were also required to give reproducible data with a co-efficient of variation (CV%) <20%.
Accuracy and precision were calculated by running calibration standards alongside three replicates of each QC, low (n=18), medium (n=18) and high (n=18). Results had to have accuracy values within ±20%. The intra-and inter-day variation limit was set at <20%.
Autosampler stability was assessed by injecting the low and high QCs in triplicate over a 72-hour period. Changes in peak area ratio (PAR) were observed and were noted. Analytes were deemed stable when results were ±20% of the true value. PARs was monitored to determine if after instrument failure, analysis could be resumed without directly impacting upon the concentrations calculated.
QC's were individually extracted.
Matrix effect was identified by determining the PAR of standards added to extracted blank matrix to that of the standard solutions of the same concentration. If the value obtained through this calculation was <1 then ionization suppression was observed, where as a value >1 showed ionization enhancement (21).
Recovery was calculated by dividing the peak area of extracted standard by the peak area of standard spiked after the blank matrix was extracted at the same concentration.
Carryover was identified by injecting the highest calibration standard in triplicate and analysing the following blank mobile phase injection.
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Injection Vehicle
Injection solutions were prepared by dissolving each of the individual NBOMe powders (10 mg) in DMSO (1 mL). The 30 µg/kg (low), 100 µg/kg (medium) and 300 µg/kg (high) dose solutions were then produced by serial dilution with saline solution.
Specimens
Male Long Evans rats were purchased from Charles River (PA, USA). Animals were housed singly in a humidity and temperature controlled laboratory with 12:12 hour light:dark cycles. Animals entered the laboratory at age 3 weeks old and weighed 28-50g at the start of the study. Animals were given 7 days to acclimatize to their surroundings before any experimental work commenced and had ad libitum access to food and water. All rats (n=55) were initially shaved with an electric razor. After the 1-week grace period all rats (n=55) were shaved with an electric razor along their backs, collecting both black and white hair separately in clean 7 mL vials.
Each rat was injected intraperitoneally (IP) with either the low (30 µg/kg), medium (100 µg/kg) or high dose (300 µg/kg) of a single NBOMe drug. Typical human doses range from 200-1500 µg, which is in line with the lowest dose received by the rats. After 8 days of injections the rats were reshaved in the same place as the initial shaving, with shavings separated by dose and colour. Hair from animals receiving the same drug at the same dose was pooled. Hair samples were analysed in triplicate. All procedures were conducted during the dark cycle, under protocols approved by the Institutional Animal Care and Use Committee (IACUC) at Arcadia University.
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Results and discussion
Method Validation Results
The method was developed and validated for 25B-NBOMe, 25C-NBOMe and 25I-NBOMe as per SWGTOX and SoHT guidelines (7,22). The MRM transitions are given in Table 1 along with the retention times of each analyte.
Specificity and selectivity
None of the exogenous compounds tested interfered with the peak area or peak height or any of the target analytes. There was no interference observed between the internal standard and any of the analytes. Urine and hair from 10 different donors also provided no interference to the internal standard or the other analytes.
Linearity, LOD, and LLOQ
Urine
All calibration models were linear over a wide range of concentrations 0.1-100 ng/mL with an R 2 >0.99. The matrix LODs were determined to be 5, 10 and 25 pg/mL for 25B-NBOMe and 25C-NBOMe and 25I-NBOMe respectively. The LOQ for all analytes was 50 pg/mL.
Hair
All calibration models were linear over a wide range of concentrations 0.025-2.5 ng/mg with an R 2 >0.99. The matrix LODs were determined to be 3 pg/mg for 25B-NBOMe and 25C-NBOMe where as 25I-NBOMe had an LOD of 5 pg/mg. The LOQ results for both 25B-NBOMe and 25C-NBOMe were 6.25 pg/mg. Again 25I-NBOMe was slightly higher with a result of 12.5 pg/mg.
Accuracy and precision
Urine
All intra-day urine precision results were <15% as shown in Table 2 . 25C-NBOMe showed the least variability averaging 2.3%, (range 1.3-3.4%). 25I-NBOMe showed the largest intra-day variation averaging 7.3% (rang 2.9-14.9%). Urine inter-day precision results showed variation <20%. 25B-
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Hair
All intra-day hair precision results were <15% as shown in Table 3 . 25C-NBOMe showed the least variability averaging at 4.9%, (ranging 2.9-9.1%). 25B-NBOMe showed the largest intra-day variation averaging 8.2% (range 2.6-12.1%). Hair inter-day precision results showed variation <15%.
All NBOMes yielded roughly the same results averaging 7.1, 8.0 and 6.2% for 25B-NBOMe, 25C-NBOMe and 25I-NBOMe respectively. Results ranged from 1.2-11.3%. Hair accuracy results were all within ±10% of the expected value. 25B-NBOMe had the highest calculated accuracy (103-109%),
closely followed by 25C-NBOMe (96-109%). This is unsurprising as the I.S. used was 25B-NBOMe- 
Matrix effects, recovery and carryover
No carryover was observed in any of the subsequent washes after injection of the highest calibration standard in triplicate.
Urine LLE extraction of 25B-, 25C-and 25I-NBOMe from urine was extremely efficient with % recoveries ranging from 89-102%. Urine process efficiency was also good ranging from 89.4-102.6%.
Matrix effects were less than ±10 % for all urine QC's with the exception of 25C-NBOMe which saw It is much more likely that hair samples would not be able to be re-extracted due to limited sample volume and thus this parameter is more important for this matrix should instrument failure occur and reinjection of samples is necessary.
It is not known why there is such a marked difference between urine and hair results for autosampler stability (50.9-89.5% and 86.67-12.7% respectively for each matrix). Both used different extraction techniques and it is possible that matrix contamination is still present in urine samples extracted by LLE, which is negatively affecting the concentrations of these samples.
Dilution Integrity
The dilution integrity for urine samples was assessed. All dilution % accuracy results fall within the selected <20% criteria with the exception of the 1:4 dilution. For this particular dilution 25I-NBOMe was out with the accepted <±20% limit, at +21.7% and 25B-NBOMe was further outside this limit at +29%. 25C-NBOMe was the only analyte to remain within ±20% for all dilutions. 25B-and 25I- 
Pooled Rat hair samples
Pooled black hair concentrations ranged from 37-92 pg/mg for rats dosed with 25B-NBOMe (n=3), 21-143 pg/mg for rats dosed with 25C-NBOMe (n= 3) and 14-92 pg/mg for rats dosed with 25I-NBOMe (n=3). Pooled white hair from rats administered 25B-NBOMe (n=3) was only positive from those receiving the highest dose (300 µg/kg), with 22 pg/mg detected. Pooled white hair from rats dosed with 25C-NBOMe (n=3) was positive from animals receiving the medium and high doses (100 µg/kg and 300 µg/kg) with 11 pg/mg and 30 pg/mg detected respectively. All white hair from rats receiving 25I-NBOMe (n=3) tested positive (above the 5 pg/mg LOD), but all were below the 12.5 pg/mg LLOQ for this method.
25C-NBOMe incorporated into black hair to the greatest extent for 300 µg/kg doses in comparison to 25B-NBOMe and 25I-NBOMe. 25C-NBOMe also incorporated into black hair of rats receiving the medium dose to the greatest degree, +10% in comparison to 25B-NBOMe and +37% in comparison to 25I-NBOMe. Of rats receiving the lowest dose of drug, hair from those administered 25B-NBOMe yielded the highest concentration of 37 pg/mg; 43% higher than the concentration detected in hair from rats dosed with 25C-NBOMe and 62% higher than the concentration detected in hair from rats dosed with 25I-NBOMe. Drugs were only detected and quantified in white hair from rats receiving the highest concentration of drug as illustrated in Table 5 . Concentrations marked with an asterix (*) fell below that of the level 1 calibrator (25 pg/mg) and thus were calculated using the LOQ calibration curve which was run on the same day.
Overall, 25C-NBOMe > 25B-NBOMe > 25I-NBOMe when it came to the incorporation of each drug into black hair. This may be in part due to the electronegativity the halogen ion on each NBOMe, with chlorine > bromine > iodine (10). Chlorine has already been shown to positively affect incorporation rates, although further work would need to be carried out in order to better assess this hypothesis (10).
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The basicity of a drug is an important factor affecting the incorporation of drugs into hair. As the size of atoms increase their basicity decreases, and thus it follows that 25C-NBOMe incorporates greater than 25B-NBOMe and 25I-NBOMe (23). These observations were seen regardless of hair colour with 25C-NBOMe being the only drug to be detected in white hair with a concentration above that of the level 1 calibrator.
The water and dichloromethane washes for each hair concentration were analysed as well as those from a blank rat hair sample. Both blanks (white and black) resulted in no detectable traces of NBOMes. Deionised water washes resulted in little to no NBOMe drugs detected. This was not the case with the dichloromethane washes however, which did result in identification of NBOMes, although the PARs of these results were significantly lower than that of the level 1 calibrator as shown in Figure 1 . External contamination is unlikely in this case as rats do not produce sweat. This may be a result of the long sonication time which enables the solvent to extract some of the drug from the hair.
Urine Samples
All pooled urine samples tested positive for their expected NBOMes. Due to the limited sample volume urine analysis was carried out once for each NBOMe. As seen with hair samples 25C-NBOMe provided the highest detected concentration (16 pg/mL), however this was then followed by 25I-NBOMe (12 pg/mL), and finally 25B-NBOMe (7 pg/mL). Again this may be in part due to the electronegativity the halogen ion on each NBOMe, with chlorine > bromine > iodine (10).
Conclusion
A simple and quick quantitative LC-MS/MS method for the analysis of 3 common NBOMes was developed and validated for urine and hair. The speed of this method allows for high sample throughput, with time limiting steps being the sample preparation itself. Black hair incorporated all drugs to a higher degree than the white hair. All white hair from rats receiving 25I-NBOMe tested positive, but all were below the LOQ for this method. A dose-dependent concentration increase was observed in the black hair. 
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